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This . r e p o r t  supplements- thE- i n f a m & i o n  c o n t a h e d  i n  v a r i o u s  t e c h n i c a l  papers 
wri t ten under ausp ices -o f  t h i s  g r a n t  and forwarded-to NASA headquarters  as they 
became ava i l ab le .  It c o n s i s t s - o f  t h e  fol lowing s e c t i o n s :  
A. Work completed. 
B. Research i n  progress .  
C. Adminis t ra t ive matters. 
A. WORK COMPLETED 
Thesis r e sea rch  wholly included under t h i s  g ran t  and completed some t i m e  ago 
b u t  only r e c e n t l y  made a v a i l a b l e  as r e p r i n t s  of t e c h n i c a l  papers i nc lude  t h e  following: 
W. R, Hoover and R. W. Hertzberg; "The Fa t igue  C h a r a c t e r i s t i c s  of 
Un id i r ec t iona l ly  S o l i d i f i e d  A1-A13Nf 'Eutectic Alloy," Trans. ASM, 
Vol. 61, No. 4,  Dec. 1968, pp. 769-776. 
R. T. Quinn, R. W. Kra f t  and R; W. Hertzberg,  "S t ruc tu re  and Elevated- 
Temperatare Mechanical 
NI-Ni3Nb EutectfrttAALPoy," Trans,  ASK,'Vol. 62, No. 1, March 1969, 
ehavior  of Un id i r ec t iona l ly  S o l i d i f i e d  
pp. 38-44. 
I n  a d d i t i o n  other: r e sea rch  for which.-NASA. a s s f s t e d  v i a  f a c u l t y  p a r t i c i p a t i o n  and 
by providing neeessary s u p p l i e s  i s  as fol lows:  
K. D. S h e f f l e r ,  W. Kraft. and-R; W. Hertzberg,  "Microstructure and 
Crystal lography of t h e  Ni-Ni3Tf E u t e c t i c  Alloy," Trans. M e t .  Sac. AIME, 
Vol. 245, Feb. 1969, pp. 227-231. 
K. D. S h e f f l e r ,  R. W. Hertzberg.and R. W. K r a f t ,  "Elevated Temperature 
Mechanical P r o p e r t i e s  and F r a c t u r e  Behavior of a . N i - N i 3 T i  E u t e c t i c  
, Alloy," Trans.. ASM, Vol. 62, No. 1, March 1969, pp. 105-116. 
A s  i s  ev ident  from t h  t i t l e s - o f  these: papers*,' a mador po r t ion  of t h e  NASA 
sponsored research  o w e a t e e t i o  a l l o y s  a 
t h e  p o t e n t i a l  of e u t e c t i c  c o m p o ~ " ~ o - a s - s t r ~ c t ~ r a 1  m a t e r i a l s  a t  e leva ted  temperatures 
or under c y c l i c  loading eondjeions nve~~gation.of-rnechanllca1 p r o p e r t i e s  cont inues 
t o  be a p r i n c i p a l  th ru  f our? e f f o r t .  ae descr ibed i n  t h e  next s ec t ion .  Progress  on 
t h e  o ther  phase of our 'work ' on physlc  
on admin i s t r a t ive  matters. 
oncerned wi th  explor ing 
p rope r t i e s  is  discussed i n  t h e  l a s t  s e c t i o n  
B. RESEARCH I N  PROGRESS 
I. Fatigue i n  N i - N i 3 N b  
W. R, Hoover, a graduate  a s s i s t a n t ,  i s  cont inuing h i s  research  on t h e  f a t i g u e  
behavior of composite e u t e c t i c s .  
s i n c e  Quinn's work ( see  above) has, shown t h a t  t h e  m a t e r i a l ,  o r  a modif icat ion thereof--  
Ni3Al-Ni3Nb as*shown by Thompson and Lemkey a l s o  i n  t h e  March 1969 i s s u e  of Trans. ASM-- 
bas g rea t  i n t e r e s t  a s  a s t r u c t u r a l  ma te r i a l .  
under t h e  h e a d i n g s . s o l i d i € i e a t i o n  s t u d i e s ,  mechanical behavior of Ni3Mb and p lans  f o r  
t h e  f u t u r e .  ' 
At ten t ion  is being focused on t h e  N i - N i 3 N b  system 
Work c u r r e n t l y  under way i s  discussed 
SoZldi f iaa t ion  S tudies  
Modificatfons of t h e  v e r t i c a l  mel t ing apparatus  loca ted  i n  t h e  Mater ia l s  
Research Center have been completed, thereby,  allotj.ing us  t o  u n i d i r e c t i o n a l l y  s o l i d i f y  
i n  a v e r t i c a l  d i r e c t i o n  i n g o t s  of the-Ni-Ni3Nb e u t e c t i c  a l loy .  
ca t ion  experiments have-met with cons idarable  success .  
i n  t hese  ingots- is  v a s t l y  super ior  t o  t h a t  p rev ious ly  obtained i n  h o r i z o n t a l l y  grown 
ingo t s  where t h e x p l a t e l e t s  were up t o  twenty' (20) degrees  off t h e  ingot  growth a x i s  
The f i r s t  s o l i d i f i -  
The mic ros t ruc tu ra l  alignment 
(Figure 1 ) .  
systems i n d i c a t e  t h a t  improvement in mee.kan%cal p r o p e r t i e s  should be observed i n  t h e ,  
v e r t i c a l l y  grown ingo t s  as a r e s u l t  of t h e  improved m i c r o s t r u c t u r a l  alignment. 
Theore t i ca l  p red ic t ions  and experimental  f i nd ings  i n  o ther  composite 
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Master h e a t s  of have- been. prepared. I n i t i a l  experiments 
w i l l  focus on opt  
of t h e  h ighes t  q u a l i t y '  mic ros t ruc tu res .  
i n g o t s  w i l l  b e  r o u t i n e  
i d i f f n a t i o n -  parameters leading t o  t h e  at ta inment  
when th%s expaoratory phase has  been completed, 
produ.ced--€or sub&=pu.ent mechanical property evaluat ion.  
I n  o rde r -  t o  more completely -understand the-mechanical response of t h e  Ni-Ni3Nb 
e u t e c t i c ,  knowledge of t he ,de fo rma t ion  and f r a c t u r e  behavior of both phases is required.  
To t h i s  end, considerable  e f f o r t  has been devoted t o  an a n a l y s i s  of t h e  mechanical 
response of t h e  r e i n f o r c i n g ,  N i 3 N b  phase. 
Large grained i n g o t s  of t h e  Ni3% phase were prepared and c u t  i n t o  small 
bend specimens. 
and etched w i t h  a 35% HN02, 2%HF and 68%H20 s o l u t i o n ,  The c r y s t a l l o g r a p h i c  o r i e n t a t i o n  
of several l a r g e  g ra ins  i n  the bend specimens were determined by Laue X-ray d i f f r a c t i o n  
techniques.  Af t e r  bending, two s u r f a c e  and one s u r f a c e  trace analyses  were performed 
w i t h  t h e  observed s l i p  and twinning markings, To more c l e a r l y  reveal d e t a i l s  of t h e  
Ni3Nb g r a i n  boundaries,  twin boundaries and s l i p  o f f s e t  markings, o p t i c a l  examination 
was done under po la r i zed  l i g h t .  
Three s u r f a c e s  of each bend specimen were me ta l log raph ica l ly  pol ished 
Twinning: Af t e r  bending, t h e  specimens were repol ished t o  e l i m i n a t e  s l i p  
traces, 
and analyses  revealed two ope ra t ive  twin modes: 
type twins. The { O l l )  twins were observed t o  b e  r a t h e r  wide implying a r e l a t i v e l y  
s m a l l  twinning shear.  A second v a r i e n t  of t h e  (011) twins was'observed only on 
rare occasions.  The (112) twins with t h e  r e g u l a r l y  observed second v a r i e n t  were 
always narrow suggest ing a l a r g e  twin shea r ,  
p r e f e r e n t i a l l y  along the+aatzix- twkn knterf  ace of t h e  {l12) 
with t h e  b e l i e f  
Several  sets of p a r a l l e l  markings-were r e t a i n e d  after r epo l i sh ing  (Figure 2) 
{ O l l )  and two v a r i e n t s  of (112) 
The N i 3 N b  a l l o y  was found t o  crack 
twins which i s  i n  accord 
h a t  t h e  narrow ClS2) twins have a r a t h e r  l a r g e  twinning shear .  
S l i p :  Examination-of t h e  prepoleshed bend specimens revealed t h e  presence 
of t w o  s l i p  systems. The p r e s e n c e - o f - s l i p  markings was observed r e l a t i v e l y  r a r e l y .  
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E f f o r t s  t o  o b t a i n  two s u r f a Q e - s a a p - = d ~ ~ . ~ ~ ~ ~  been unsuecessful  b u t  one 
n s u f f i c i e n t  f o r  s l i p  
plane i d e n t i f i c a t i o n  a t  tke-. prese?at?""time.;p --Tresent- p l a n s  call  for t h e  production of 
more N13Nb ingo t s -  i n \  thPs phasaz- o f  th.e'-2nvest&gation, 
conducted on s l i p  markSags rom sompnwssfon specimens 
Txacre analyses  w i l l  b e  
Previous work conducted under 
t h i s  con t r ac t - (R .  T. Quinn) indbcates  t h a t  compression t e s t i n g  may produce more s l i p  
and less twinning i n - t h e  NigNb.;phase f o r  c e r t a i n  loading d i r e c t i o n s .  
F r a c t u r e  of Ni3Nb: AE i n i t i a l  at tempt to employ t h e  new acquired ARL 
Electron Microprobe wi th  a s e a m i n g  attachment i n  f r a c t o g r a p h i c  a n a l y s i s  has  been 
successful .  
of t h e  scanning e l e c t r o n  microscope as a f r a c t o g r a p h i c  t o o l  has  been e s t a b l i s h e d ,  
p a r t i c u l a r l y  at i n t e rmed ia t e  magnif icat ions where f r a c t u r e  s u r f a c e  topology i s  of 
F rac tu re ,  Ni3Nb bend specimens .have been examined and t h e  use fu lness  
i n t e r e s t .  
bend specimen at a low magnif icat ion;  f a i l u r e  was bel ieved t o  have i n i t l a t e d  a t  a (13.2) 
For example, F igu re  3a shows t h e  e n t i r e  f r a c t u r e  s u r f a c e  of a N13NZ; 
twin-matrix i n t e r f a c e  cha rac t e r i zed  by the  f l a t ,  f e a t u r e l e s s  area shown i n  t h e  lower 
r i g h t  corner of t h e  photograph. Af t e r  encountering e i t h e r  another twin o r  a g r a i n  
boundary, t h e  crack proceeded through t h e  remainder of t h e  specimen. The topology 
developed on t h e  f r a c t u r e  s u r f a c e  when t h e s e r a c k  i n t e r s e c t e d  o t h e r  twins i s  shown 
i n  Figure 3b. 
As can be seen  from t h e  above d i scuss ion  and included photographs, 
t h e  scanning e l e c t r o n  microseOpe c a p a b i l i t y  of t h e  e l e c t r o n  microprobe can provide 
v a l u a b l e '  topographic inf armation w i t h i n  l i m i t s  of t h e  instrument r e s o l u t i o n  capac i ty ,  
approximately 2000A 
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Plans  f o r  t h e  Future  
Experimental s t u d i e s  wi th  t h e  Ni-Ni3Nb e u t e c t i c  a l l o y  w i l l  proceed i n  
several d i r e c t i o n s  now t h a t  much of t h e  necessary background work has been completed. 
Further  s t u d i e s  of t h e  s l i p  systems i n  Ni3Nb w i l l  b e  conducted along wi th  a n a l y s i s  
4 
of t h e  m u l t i p l e  twinning systzeme 
b e  un id i r ec t ionaTly  sol-idif f e d d m  t h w  ver t i  ace S n i t i a l  mechanical t e s t i n g  
w i l l  b e  conduated t o  evalua 1 e : p r o p e r t t e s  of t h e  a l l o y  wi th  t h e  supe r io r  micro- 
s t r u c t u r a l  alignment, I n  ad mination- of e las t ic  modulus of t h e  t w o  phase 
s t r u c t u r e  w i l l  be  attempted: If t i m e  permits  i n  the next  r e p o r t  pe r iod ,  i n i t i a l  
f a t i g u e  rests w i  be  performed, .The determinat ion of f r a c t u r e  mechanisms of t h i s  
e u t e c t i c  a l l o y  w i l l  continue with t h e  a i d  of t h e  scanning e l e c t r o n  microscope and 
e l e c t r o n  f r a c t o g r a p h i c  techniqueso 
11. Mechanical Behavior of Mg-Mg2N% 
e* N i 4 f i j N b  e u t e c t i c  a l l o y  w i l l  
As descr ibed i n  t h e  Proposal for Continuatian of Grant MGR-39-QQ7-007, several 
new experimental  programs were suggested,  Mr, Kenneth EskeEmeyer, r e c i p i e n t  of an 
I n d u s t r i a l  f e l lowsh ip ,  is now addressing himself t o  8 study of t h e  Mg-MgaNf e u t e c t i c  
a l loy .  
( supp l i e s ,  serviee charges,  etc.)ssme funds from t h e  p re sen t  g ran t  are being used t o  
assist him. 
Since h i s  f e l lowsh ip  y i e l d s  extremely l i m i t e d  funds for research expeases 
This  r e sea rch  program focuses  on .the mechanical. be.havior of con t ro l l ed  e u t e c t i c  
a l l o y s  based on l i g h t  weight-hexagonal c l o s e  packed metals. 
of such materials has r e c e n t l y  been demonstrated in a survey of several magnesium 
based con t ro l l ed  e u t e c t i c s .  The p a r t i c u l a r l y  promising Mg-Mg2Ni composite exh ib i t ed  
e x c e l l e n t  t e n s i l e  and compressive s i r e n g t h s  (54,800. p s i  and 7 7  ,500 p s i  r e s p e c t i v e l y )  
even though a 100% al igned s t r u c t u r e  was no t  obtained. 
The outs tanding p o t e n t i a l  
The p resen t  program w i l l  b e  a d e t a i l e d  i n v e s t i g a t i o n  of t h e  mechanical behavior 
of t h e  u n i d i x e c t i o n a l l y  s o l i d i f i e d  Mg-Mg2NI e u t e c t l e ,  
f i c a t i o n s  i n  t h e . s o l i d i f i c a t i o n  procedure w i l l  r e su l t  i n  a more p e r f e c t l y  a l igned 
s t r u c t u r e  having s t i l l  b e t t e r  p r o p e r t i e s .  
been obtained a n  ex tens ive  t e s t i n g  program.wil1 be  c a r r i e d - o u t ,  
t e n s i l e ,  compresive, and f a t i g u e  tests a t  room temperature as w e l l  as some elevated 
temperature property-measurements, 
It is a n t i c i p a t e d  t h a t  modi- 
Af t e r  t h e  best p o s s i b l e  s t r u c t u r e  has  
This  w i l l  i nc lude  
I n  a d d i t i o n  t o  t h e  t e s t i n g  program, a fundamen,tal 
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study of t h e  n a t u r e  of de5 wrnatha &ady f z a c t n r e .  w 
f r a c t i o n  .and 'meta 
c rys t a l log raph ic -  and - norph&o 
mechanisms of.  e b a e t h .  sad- pQas&&e defa+rmati-oa; 
by o p t i c a l  metallography a n d - e 2 e c t m n  fraetography.  
g a t i o n  w i l l  provide mechaaical, property -data on a promising l i g h t  weight composite as 
w e l l  as an i n s i g h t  i n t o  t h e  fundamental behavior and p o t e n t i a l  of a l igned e u t e c t i c s  
w i th  HCP matrices. 
b e  undertake X-ray d i f -  
e - q p 3 i e d  t o  determine how t h e  
r s l r r ~ o n s b i p  between t h e -  two phases effect t h e  
F rac tu re  processes  w i l l  b e  s tud ied  
It i s  expected t h a t  t h i s  i n v e s t i -  
Progress  so f a r  has  cons i s t ed  p r imar i ly  of ex tens ive  modif icat ion of the uni- 
d i r e c t i o n a l  s o l i d i f i c a t i o n  apparatus.  While t h i s  work has  been t i m e  consuming, i t  
should pay dividends i n  t h e  form of a b e t t e r  a l igned s t r u c t u r e  than  could be  obtained 
on t h e  old equipment. 
prepared. 
Master h e a t s  of t h e  Mg-Mg2Ni e u t e c t i c  a l l o y  are p r e s e n t l y  being 
Un id i r ec t iona l  s o l i d i f i c a t i o n  work w i l l  begin i n  t h e  ve ry  near f u t u r e .  
C. ADMINISTRATIVE MATTERS 
Professor  R. Wayne Kra f t  cont inues as p r i n c i p a l  i n v e s t i g a t o r  i n  t h e  f i e l d  of 
s o l i d i f i c a t i o n  and. e u t e c t i c  s t r u c t u r e s  and as chief admin i s t r a t ive  o f f i c e r  on t h i s  
grant .  Associate  Professor  R. W.*Hertzberg cont inues as co-invest igator  s p e c i a l i z i n g  
i n  t h e  area of mechanical behav r and deformation, Until  31 January 1969, A s s i s t a n t  
Professor  Richard N. Taaber served as co-invest igator  w i t h  primary r e s p o n s i b i l i t y  i n  
t h e  area of phys i ca l  p r o p e r t i e s .  
p o s i t i o n  i n  indus t ry .  Beginning 1 - June91969 ,  Associate  Professor  Walter C.  Hahn took 
up t h e s e  d u t i e s  and i s  pzesen t ly -p lann ing  work i n  t h i s  area, whfeh, q u i t e  f r a n k l y  has  
no t  progressed as much as'we would-have l i k e d  i n  t h e  p a s t  year.  
A t  t h a t  t i m e ,  h e  res igned from Lehigh t o  accept  a 
;Mr. W i l l i a m  R. Hoover cont inues t o  serve as a graduate  assistant on this  g ran t  
and is  working.with P ro fes so r s  Hertzberg and Kraf t  on t h e  program concerned w i t h  f a t i g u e  
i n  t h e  Ni-Ni3Nb system. 
h i s  t h e s i s  r e sea rch ;  i t  is a n t i c i p a t e d  t h a t  t h i s  w i l l  b e  completed by June 1970. M r .  
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H e  has  completed a l l  requirements f o r  t h e  Ph.D. degree save 
Kenneth Eckelmeyer i s  n o t  drawing i a etxLpend-f rem* the- grant- b u t -  is  drawing upon i t  f o r  
s u p p l i e s  and operating5expenses grogram is, no t -  as f a r  advanced as that of 
M r  . Hoover although. he- h empkted hPwwaster ' s  program. 
For over a year t he '  princlpa.1 i n v e s t i g a t  8s been t r y i n g  t o  o b t a i n  a r e sea rch  
assistant t o  work i n  the+ area of p h y s i c a l  propert3es .  
d i r e c t l y  r e spons ib l e  f o r  t h e - f a c t  t h a t  t h e  vacancy i s ' n o t  y e t  f i l l e d .  
can a t tes t  t h a t  t h r e e  capable candidaQes turned-down-our o f f e r s  t o  work i n  t h i s  area 
f o r  t h a t  reason. Neverthegees t h e  problemappears  t o  have been solved. A candidate  
no t  s u b j e c t  t o  t h e  d r a f t .  has-been. accepted f o r  admission t o  t h e  graduate  school  and 
w i l l  commence working i n  t h i s -  area with P ro fes so r s  Hahn and Kra f t  on o r  about 1 Septem- 
b e r  1969. 
T h e f d r a f t  s i t u a t i o n  has  been 
F i l e s  a t  Lehigh 
The t h r e e  f a c u l t y  i n v e s t i g a t o r s  p a r t f c i p a t i n g  i n  t h i s  r e sea rch  hope t o  continue 
working i n  t h e  area. 
on t h a t  a l r eady  completed on t h i s  and o the r  g r a n t s  and on t h a t  r epor t ed  i n  t h e  l i t e ra -  
tu re .  A renewal proposal  a t  approximately t h e  same rate of expendi ture  (approximately 
They have - seve ra  fdeae f o r  worthwhile r e sea rch  which b u i l d s  
$39,00O/yr.) i s  now i n  t h e  f i n a l  s t a g e s  of nego t i a t ion .  
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F i g u r e  1: Photomicrographs  Showing Improved Alignment 
i n  N i - N i  Nb M i c r o s t r u c t u r e .  V e r t i c a l  D i r e c t i o n  
i s  Growth Axis. a )  Grown H o r i z o n t a l l y ;  
b )  Crown V e r t i c a l l y .  M a g n i f i c a t i o n :  125X 
Figure 2: Photomicrograph of Ni Nb Phase Revealing 
Two Types of Twins. 
Magnification: 200X. 
Jolarized Light. 
Figure 3: Scanning Electron Fractographs of Fractured Ni3Nb Bend 
Specimen. a) Magnification: 20X; b) Magnification: 
3 50X. 
